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V . Proff l iicBrtn gf g Fsnrentrafinn Pmrt iict 

Tha present irtyentldn relates to processes ctf treating pfarrt derived material to 
provide an aqueous liquor containing sugars which are used In a fermentation 
process to produce a fernientation product Typically such fermentation products 
Include for inetande ethanol, glycerol, acstoni, n45Lrbnbl, butane^ isopropanol, 
butyric acid, ririethane, citric acid, fumaric aci4 lactic?add, propionic add, succinic 
. add/itacorilc add, acetic add and ac^^^ . : . 

It Is known to treat a biomass with acid In order to hydrolyse polysaccharides to 
the Component sugars that can be used in a ferrnentatidh process to produce a 
fermentation product. For ini^nce US-A-4384a97 describes a method of treating 
biomass material in which It is.subjected to a two stage hydroiysjs in which 
polysaccharides that are more easily hydrblysed,. such as hemicellulose and then 
in a second stage the more difficult!^ depolymerisable material e.g. cellulose. Is /•. 
d^polymerised using a more severe hydrolytic treatment. ^ 
and second stages Include sugar solutions artd organic adds, aldehydes. The 
monosaccharides are subjected to fermentafion to produce ethanol and the beer i 
resulting from the fermentafion may then be subjeded to rectification to produce . 
ethanol of commercial grade. US-A-4384897 sets but to provide improvements in 
more effident washing of solids, the use of co-current washing or countercurrent 
washing of solids and proposes the use of ferric and or aluminium ions as 
flocculating agents to separate finely dispersed solids resulting from neutralisation 
of the. hydrolysate liquor stream. 

Kyoung Heon KImetal (Applied Biochemistry arid Biotechnology, Vol 91-93. pg 
253-267) investigates the continuous countercurrent hydrolysis and extraction of 
hemicellulose from add prefa-eated wood residues and considers the effect on 
drainage rate of such a pretreated biomass. A coritinuoira cduntercun-ent screw 
extractor used relies on the percolation of water by gravity through the pretreated 
biomass. One^ifRculty^ideritWied istfiat the pi^trealed blorWass^haspo'ofv^ter 
drainage properties and channelling or blod^ge may occur inside the extractorr 
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which can result in low sugar. recovery or low throughput 



4tJwbuId-beidesirableJaJraprave.theidraro^^^ 



. derived rriatErlai In order to maximise sugar recovery. ; . . : 

Accprdinfi to the present indention we provide' a process of producing 
Ifermehtaticm.produd comprising the^^ 

(1) fonrii.ng an acidified, suspensfort'o^ 

. comprising a first poiysa^airide which is mpr© readily Hydrolysabie. ; 
; and a second pplysacchiaridewW^^ . 
... (ii): allov^ng the first polysaccharide^ to 

: the acidatatemperaiiireof atieast5(f&'^^^ 
^ the first fiolysaccharide is hydrolysed ahd^ft^^^ 

cyf an aqueous liquor containing dissolved sugar and a solid residue 
contalnirig the second polysaccharide, ' 
. (Ill): subjecting the mixture to one or.r^ 

. solid residue and aqueous sugar liquor are substent^ * 

: V from each other, ' 

(iv) optjonaily washing the residue subsl^nti^^^ 

(v) passing the solid cellulosic residue to a furiher treatment stage in 
which the residue is subjected to the action of dilute add at a 

. ; temperature of at le^tSO^C under conditions such tfiat the second 
polysaccharide is hydrolysed and thereby forming a mixture of an- 
aqueous liquor containing dissolved sugar and a solid residue, 

(vi) subjecting the mixture to one or more separation stages in which the 
sdld residue and ertjueous sugar liquor are sute^ 

from each other, 

(vl5) optlorially washing the residue substantially free of the sugar, 
(vlii) adjusting the pH of the aqueous liquor from $tages (1ii)j (iv). (vi) and 
(vii)toapHofatleast4, 

^ssinglhe aqueo^Tiquor fr^mstage (vmrto alerm^ 
In order to produce a fermentation product. 
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(x) separating the fermehtalFori pnci^ 
characterised In that the separation stag^ in stepis (lii) arid/or (vi) is assisted by 
ftpqculatfon of the by-product, employing onebr niore floccufating agent(s) 
selected from the group consisting bf water soluble polymers, water swellable 
polymers antl charged mlcroparticulate material: .: / . . ^ 

We have fbund thiat surprisingly byf^sing ttielspecial fldccui^ion process in the 
separation stage, a consistently high yield of iermentation product can be ^ 
achieved. It is thought that smalJ quantflies of Cs sugar jiesulting fro^ 
stage remains with hinder to hydroJyse material such as cailulose/nius it would 
seem likely that the more severe hydrolysis conditions of the second stage : 
hydrolysis results in these trace amounts of sugars to be converted ?nto lurfural 
and possibly other aldehydes. It is believed that even trace amounts bf iurfural 
and other aldehydes tend to poison ithe microorganisms or ehzynrilc biocatalysts 
Used in the ferrrientation process and thus resulting in ttie poor yields of 
fermentation product. t . , • 

The improved separation stage jn the process also has the advantage that the 
sugar solution resulting from the first and second stages is substantially free from, 
iextraneous solid material, such as oeilulosic.fibres. - ; \ > V . 

The plant derived material is typically any readily avaiiabie source of 
polysaccharides, particularly celluiosic materials. Typically the cellulosic material 
comprises materials selected from the group consisting of herbac^HJS blomass. 
softwood biomass, hardwood bbmass, sewage sludge; paper mill sludge and the 
biomass fraction of municipal solid waste. The heri:7aceous biomass may for 
instance be baigasse, rice straw, rice hulls arid cpiton gin trash. 

Preferably the plant derived material is cellulosic and comprises hemicellulose as 
the first polysaccharide and cellulose as tPie second polysaccharide. Generally 
the plant derived material also contains lignin or lignin type nnaterials, wfiich 
rennain in the solid by-product. 
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The acidified suspension may be formed, by cprnbining' a particulate material 
bompriBing ceiluips^^ iand lignjii vyjth a dilute acid. Altematively the 

i:SQsi)ensipn-can.be-m^te^ Witf> sjjjphur dioxide 




^ .gasv.ikearri' and water at ah elevated teiriperature: Typically the process can be 
. •qpnducted by impreg nation of the biomass material with SOa gas followed by 
steam at 205 to 215'C for 5 minutes and then.the addition of water to form a slurry 

;-^(Stenbierg'etali'1998)^ "• '•.'■^V'- ' ' . 



'5'. • :. , 



I- ... By diii^e we t^^^ has a cont^ritration of less than 10% by 

- vi«ight Usually th^^^^ the concentration will^b lower, for instance at les^ 
V . thi^n 5%. jihe add rnay be a.^bng inlneral acid such as hydrochloric acid, 
;i: VsuiphGrIc ac|d,.sul^ acicl> nitric add orphosphoric add. Suitable organic 
il acids ir^y be carbonic acid /t^rtaric^add. citric acid, glucuronic add, formic acid, 
'.. trichlpra acietic add or similar rhonip- or polycarboxyflc adds. . ; . 

Preferably the acid is a mixture of a strong mineral acidand an oiganicadd. 

. Typlbally the irfineral acid would be at a concentration of up to 2%, preferably fn 

jthe rarig^ 0,2% ,tq 1.0% especially a round 0:7%. The organic add may be 
>v , preserrt at a higher concentration ' for instance up 10 5%, especially if |he acid is a 
• relatively weak add siich as acetic acid. Preferably the onganic add would be 

prient at a concentration between 1 % and 3*5^.. more preferably around 2%. 

; . the strbng minBrandeally exhibits a pKa below 4. Preferred results are obtained 
■ by uslngyth^ hydrochloric pdd or; sulphuric 

f Thelvdi^lys'sof^efl^'Po'ysa^ 

temperature cif between 120 and 220°C for a'period of .1 to 1 5 rriinutes, although 

lovyer temperatur^ are possible if the treatment is longer. The hydrolysis of the 
. second polysaccharide can be a^^^ 

220'*C for a period bf 1 to 15 rYtinutes. Usually the second hydrolysis step is 
7 ' csffried out at a higher temperature and/or for a longer period tiian Thirfii=sf ' 

hydrofyslB step. However, gh^en that the second polysaccharide is also subjected 
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to th^ jBrst^^^ stage, befpre removal of the hydrolysate resultirig from the 
: fii^polysapQ^^^^ 

second pplysatch^^ Kigherfempei^iure ^ longer and 

It im^^lnldzA be pbsslble to achieve cbmplete hydrolysis of the second : 
poly^odiaride at a lower temperab^^ a shorter period that, the first 

hydrojyi^ ? ■[ ■ \ I, 

In ea(Ji of thefirst and secbnd hydrolysis stages, the resulting hydiplysatE Is then 
separated from ^^^^ solid materfals. preferabiY through pressing of the treated 
malerai to separate the residue as a solid product. The solid product that Fs 
s^panatied may be isubjected to at least one wash cycle^to remove any residual 
sugar solution from the soird Th© wash cyde pomprises washing.the solid product 
with asuitable wash liquid. The wash llcjuid tnay be water, Nonmally She wash 
water is recycled water, for instancfe water that has been separat^i irom the still 
bottoms Irqubr in the distillatipn recovery of the termentation prciduct in vWiich 
suspended s^^^^ ;t; . , 

Sinceilhe w^sh.wate^ may contain other impurities vvhich could be hamiftif to the 
fermentation process it would be desirable tp>nrirnimise;the amount of wash water., 

"used, ,^..^•v ^: ' v. y.'^ 

The liquid hydrblysate which contains sugars and add: can then be collected for 
further processing. VVhen the first polysaccharide Is hemicellulose, the resulting 
hydrplysate is gerterally C5 Sugars and when the second polysaccharide Is 
cellulose the hydfolysate is ■. : 

In each case it is important to adjust the pH of; the acid sugar liquors to a pH of at 
least rH 4. The pH adjustment may be done by addition of a base or by use of an 
ion exchange resin, which Is capable of absorbing the acid. Preferably the pH of 
the acidified aqueous sugar liquor that results from the digestion process is 
adjusted to a pH of at feast 10 by addition of base material such as sodium 



carbonate, and then subsequent adjustment of the pHlo more neutrarbr slightly" 
acidic pH. Desirably the pH nray be adjusted to a pH of between 10 and 12, 
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, f)r^rabjy abbu^ Ipase. Mowed by titrating back Id a pH df 

between 4 and 5, pr^feriabiy abbirt 4,5; . ■{ . .. ' ' ' 

,. , , The acid may be removed litim the liquor by adding the ^hydrolysate to a resin bed 
.■i .. and the s^cigars are absorbed onto the resin and the.^gar? are absorbed onto tfie 
resin: The repin-^^ isulistentialiyffree 6^ which 

. pushesihe acid out of ttie resins The resin can then be washed witli water 
.« substantial^ ftee Of 0)^^ 

]■ .sugarisfreanL Ideally the SL^ of the sugar 

■(r:^ present in'the'hydrbb^ ' . ■ i j " 

• The Cs ahd Ca sugars may be fed into tti^ fenrienj^on vessel as separate . 
i streams of alternatively thW aif?jgle stream which Is. ■ .* ■ 

I delivered. into the femientatiori vessel. . ; . . 

: After the separation of the add fromvttie sugar stream, the acid is preferably 
conoentrated for reuse/The cpn^^ achieved by - 

■.evaporalibn.. . -'^ ; •• "■' • • 

; The lermentation proems of the present, invention ^pically involves allowing the 
. : fermentation to proceed for 3 to 5 d^ys;the femienrtetion product is sfeparated. 

from the broth by passi^^^^^ . ' 

4C distillation stage, where the femieritation compound is cbllecled .a$ a distlllale and 
the residue 'still bottoms' is renujved;. In one preferred aspect of the. invention the 
femientatioh product is separated from Hre broth^ by pairing tlie broth comprising 
: . the fermentation product into a concentration stege. in Which the fermentatfpn 
.: compound Is alijected In the concentrate and ejdracted by at lea^t one. means 
. selected from the groiip consisting of ion exchang^. sdlveiit fexlraction and 
electrodlalysls.^ :? 

— rfieproc^'wWTisea'l^^ 

preferably thkfennentation produd is selet^dfiro^ 
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> ethciribi, glycerol, acetone, ri-iatanbl. butehedlol, isdpropanbj. btityric add, 
, . methane; ciW^ acid, lactic acid/prppionic acid,- succinic add, 

Itabohic acid, acetic acid, ^ 

: The microorganisms used in the fermentation^^^p^ present invention 

u : can be, for e)(ample, a yeast such as Kly)j^r6my6B& species, Candida species, 

Saoch^romydes cemvfe/aa and Sacc/?art)mycafi uvarum, Hansenuia species and 
. F^hyspfen spades. AlternativeFy, the microorganism can be a bacteria such as 
Lauconosiod species, £/ite/r)ibac{ef species, Klebsiella species, Erwinia species* 
Se/ratfa species, La^ Larfococc^s species, Pediococcus 

^ . spedes, C/os(r&*aw spades, Acefpftacfer spades, Gluconobacter species 

: Lactobacillus spedesi Aspergillus species, Propionibacteriam spiles. Rhiiopus 
\ ' species and Zymomanas mobilia. Iri'^addition geneticaily. modified strains may also 
■ "beused.- - -i^ ; 

v Since the solid product generally comprises li^nin and analogous mat^'als it can 
be particularly difficult to separate from the liquor. We have unexpectedly found, 
. thiat the production of fennentation product can be significantly improved by 
r applying a particular flocdilatfng ageritto lheseparation of the hydrolysate from 
the solid product. We have found that the solid product can be more effidently 
dewafered by the process and that k higher cake solids can be achieved. Since 
. the sblld product can be more effiderrtly dewajtered there is a reduced 

requirement for separation equipment capadfy and equipment that is less 
expensive and less expensive to operate, such as a filter press, can be used. 
Since higher cake solids can be achieved, less of the acid sugar solution remains 
in ifte residual by-product solid. Hence the quantity of water required to wash the 
by-product sdJd free of acid and sugar is much reduced. 

Suitably the flocculating agent is selected from the grtjup consisting of water 
: soluble or water swBllifilenSurairsem^ ana syrithetlc pofyTfiens: 

Pr^^h\y the polymer is synthefic and may be formed by polymerisation of at 
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least one catlonic, non-Ionic or and/pr anionic. :mpnoi^ oir With other 

water soluble mprioiriera. By wrater tliat the mohomer has a - 

^nliihilHycrfatleast5 ^10pnf|j e«2^ /. 




. Preferaijly polymeric f^^ 

unsaturated water soluljie mpnonners that rei^^^ high 
mqiebulW v\^ight pdymere; Particularly pre^^ polymers, include, 
.ar^ i^ejected from.tlie g(oijp,c^ 

. copoiymere of acrylarojdf .with (m^h) acrylic ^ddpr salte of 
acryiamfdewjih^^ 

ammonium salisi polymers of diallYldin»thyl aiT»mdri 

polyethylene inliriee/The polymere.may be linear;, branched . br c^^ , 



The pplynjers may be prepared by any conyenleni c»^^ process, for 

instan(» by Mlution pblyn«risation/gel polymerisatiori^^ 
. suspension polymerisation and reverse phase emulsion polymerisaaon. Suitable 
process^ include ttio^ d^^ 

' Sui^ble polymers are anioriic polymers. The preferred polymers are cafionic 
■ polymers of suffipientiy high mdlecular weight such that it $yhibite an inbinsic., 

viscosity of at least 4 dl/g. 6uch art intrinsic vfscpslty geijeraily indicates a 

pbiymer of several million nfmlecular weightj fo 

5,000;006 and usually at least 7,000,000 Jn gene^^ 

preferably has an intrinsic viscosity greater than 6 dl/g. often at least 8 or 9 d!/g.; ; 
. The intrinsic viscosity can be as high as 30 iiu/g or tilgher. in many cases though 
suitable catlonic polymers exhibit an intrinsic viscosity in the range.of 7 to 25.d!/g, 
in particular 10 to 20 dl/g. in particular around/14 or 15 dl/g. 

• -.f' • ' .V.;" ■ . , ■ 

Suitable catlonic monomers include quaternary ammonium or acid salts of 
• monomere vwhich contain amine groups/Preferably the caHpn-^c ppiyrne^ Is fornied 
""^nTampnomeroFbierS^^ 

selected from the group consistirig of quaternary ammonium and acid aatts of 
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* dimethylarninpethyl (h^h) Mryiate,:|qiiatemary ammonlurh and add salts of 
dlmethylafnihoethyl.(mdSth).a amrnpniMni diioride. 
Tho catjonlc ironoiriers may be hoitipQlJ^rlse^^ or cbi3olyrrerised ywth Cflher 

. rmnomers;for instance aorylamida.Tiie^ polym^r& thus may be any 
tpolymer that carries a cationic, provjdftl of course that Ihey are of sufficiently higli 
molecular weight to exhibit an jriWnsic^y^ of at least 4 dl/g. Intrinsfe 

. viscosity is measured using a suspended levi^l viscomebr In 1 M NaCI buffered to 
;• "pH7.5at25*^C: . . -V'..:;- ■V-s/v-V;^-^ ' . 

. The catioriic polyn^&rs aopording tojthe invention may be jprepared as 
. . substantially linear polymery or as branched br strudxj^^ 
- branched polymers are usually pr^^ 

unsaturated monomers, such as methy iene-bis-acrylamlde into the monomer mix. 

for rnstance as given in EP-B-202780. Preferably however, the polymers are . ; 
\ substantially linear and are prepared in the fbrm of a beiad or ppwdened product 

. > Suitably the polymeric flocculating agent woMid be added as an aqueous spliition. . 
' or aqueous dispersion; The polymer may be added in an amount sufficient to 
effect.flocGulatiOn- Typically the amount of polymeric flocculating agent sufficient; 

• to Induce flocculation would be usually at least 0.002 weight % based on weight of . 
suspended solids- lisuaily better flocculation; and therefore separation can be 
achieved if at least 0,01 % is used. The dose -may be substantially higher, for 
instance up to 1%. However, optimum flocculation and separation is normally 
achieved using doses in the rangeiof d.015%;to 0.2%, especially 0.02% to 0-1%.. 
Following flocculation of tiie suspended solids the solid pnaduct can be separated 
from the hydrolysate aqueous liquor by mechanical means, for Instance filter 
press, centrifijge, belt press, horizontal belt filter or pressure filtBr. The action of 
the flocculating agent greatiy enhances the separation of the soiidis from the liquor 
by comparison to separation using.soieiy mechanical m^ have found that 
the process of the present invention provides a higher pake solids^ with less 
reslduafaqueous liquor, wfiidfrneans"^ liquor — - 
is available for conversion Into the fermentation product Likeiwlse we find that the 
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aqueous 




'i solids; Fufthermdre iwe also find. lhat:iessi msh water fsfrequired. 



•4 ... . ■■■J: , pos^i)!^ ip order !to p.reve^^ 



Ijgnln caih be lisecl a^.a solfd fuel, fbr iristanc^ifor use | to heal 



fernWntatibii brblh;, Thus it also irripbrtent tH^t when tlie splid lignjri containing 
•4 . product is u£«d a^ 4 ^ ■ .7 . • 



Jria'i ^ ........ . .. . ., 

>V i a'dhargkl material. Partc^jJariy surtl>i6 ^xayVipl^s of .ch&rged 

? miCToparticuiatematertels include sWeliable days/anjpnip, ?sationlc^or ampfioteric 



micrbparticles. ■ ■ 



* cohsisHng of silica, based particles, silica mlcrbgels, collbidal silica, sflica sols. ^ 
^! Bliiia gils, polysillcat^s, alumlnoslliMtes. ppljralumlnodllcates, bbrosillcates, 



Thls:^liceous rnaterial may be in Ihe fonn of an anionid^micrbpartidilale m^r^^^ 
Alternatively the siliceous material rnay be a cationic siHcsa. Etesirably ttie siliceous 
rnaterial may be selected from silicas and ppli^^^^ 



The polysiilcates of the invention may be prepared by acidifying an aqueous 
soiufipri of an ailraii metal silicate. For instanoB poiysilidc microgels otherwise 
*' known as active silica may be prepared by addificatlon'of allraU metal sllicafe to 
■ • betyveen pH 2 iand 10 by use of mineral acids or add exchange r^ns, add salts 
'': and acid gasesrit may be desired to age the flreshFfo'rfe polyslliacaa'dln 
« order to allow sufficient three dimensional network stmcture to fbmi. Generally the 
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time of . ageing /s insuffideht foirthe poh^ilidc^add to geF. Particuiarly prefeh^ 
siliceous material include pdlyalumihp-siltcates..Jhe polyalLiminosilicatas may be 
for Instancy aluminated potysillclc acid, made by first fomiing pojyisfilicic acid 
;. iTvcropaiicles and then post tre^ i^: . 

Alternatively tlie polyaluininosnicates may polypartitulate poiyslcilic microgels 
6f sui^ce area in excess of I000m^/g fornied by rcabting ah alk# 
with: acid arid v/giter solubte ajummium sails/ Jypicaliy th^^ polyaiurninc^iiicates 
may ha^^^^^^ niole ratib of aiumin?:sl|ica of between 1:10 .and 1:1500. ; 

Poiyalumihosiilcates may befonDediby acldif^mg an aqtiebUs sbiiitioh of aikaff 
metal silicate to between pH 2 and 10 using concentrated sulphuric acid 
. confaihing 0.2 to 2.0% by vveight of;a water soluble aluminiurifi salt for instance 
aluminium sulphate. The aqiiebus solution may be aged suffidentiy for thelhree 
dimensional micnsgel to form. Typically the polyalumlndjsilicate isiaged for tip to ; 
about tvyo and a half hours before diluting theBqueous^poiysiHcEite to 0.5 weight. 
%t>f silica. : : / " - 

The siliceous maierlal may be a colloidal bor^silicate. The colloidal borosilicate 
may be prepaned by contacting a diljjte aquebus solution of an ialicali metal^ificate 
.. With a cation exchange resin to produce a silicic add and then forming a heel by . 
msxing together a dilute aqueous solution of ^n allcali nietal borate With an alkali 
metal hydroxide to form an aqueous solution containing 0.01 to 30 % B2O3; having 
apHotlrom7 to lb.5. - H t 

- ' "'■ ' 'j" ' ■ ■ ■ ■ I? ■ -r' • 

The swellable clays may for instanoe be typic^Ily a bentonite lyp^ clay. The 
pneferted cla)^ are swellable in water and include clays which are naturally water 
swellable or clays which can be modified, for Instance by Ion exchange to render 
them water swellabie. Suitable water swellable days include but ana not limited to 
days often referred to as hectorite» smectites, montmorilloniteSj nonironites, 
saponite. sauconite, hormrtes, atlapulgites and sepiolites. 



Most preferably the clay Is a bentonite type Say. The bentonite may be provided' 
as an alkali metal bentonite. Bentonltes occur n^fdlly either as aik^ine 
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.:; : Ithe cjaJclum . 

. . . activated^b^^ > . 

; V 

-^ti- . ' : : A^^ as si high solids flo^ for 

4 ■ mbpolrier anld.c^^ agent ari oil corriprislng a s hydrocarbon; and 

?^ . # : an;effe^ 

:: ; 7abo^^ jrtcaroii in iinswtolien number ave^^ pariitte size diahieter. 

Microbeads a^^^^ made as nifcrbgels by pro Ying Huang 

P - e^ 1861 273r281 (i?85) or may b6 obtained commerciaHy 

\ as microia^^^ include all of 

: ^ these cprrtgurailpns, la beads per se, nr^crogels and micnoiaticies:. 

The chsirged micropaitcle'niaterial ima^ be Us^ In amounts of at least 0.002% 
. -based oh weight'^rf suspended solids. Typically though:the doses are usually as < 

/, hlghas0*8or1.p%.w^ 
: Inoigahic/ihedbselsusu 
> . V . 0,6%. Wte^^^ 

vl . »3 Unesqiecledly we have found that tlie hydrdlysate liquor dbn be separated . 

V : V particularly rapidly when the flocculatiqn is effected by employing a water soluble 

. orwater-swelJable poIynrierand ' 
?! ^ vre find that particulariyef^ ^ 

. ifqupr Is effected v^^ ^ 

"T mlcraparticle material Into the mixture and then reflocculeting by adding a cationlc 

or siAstantialiy ridn^fonlc polyniBr In a fo 
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present inveritioil we find that espedai^ fest and efTid^tseparaUpn of soHds is 
achieved by a process, in y/hidn flooculatlon i.S:effededt;>y ihtrodubihg a catipnic 
polymer intP the mixihjre and then reflex 
;;. micrppaiiiculatematerlj^. >. ■ w. 

. The fpHowing esian^ 

•e;: , Fxampjft , r.' t 

I lOOg of softwood chips ground to tess than 2mm were added to 400 g of water 
:,f and jiegtedto 1?p"Ci Once at 190*C sulphuric acid yras added to a cortcent^ 
^. of 0.7?J; under nitrogen pressure and the: mixture vyas iefl for 3 rninutss. Th^ 
l:, temparatiire viias rapidly reduced to 80°C and^lhe insoluble solids present In the 
..y pr^hydrolysed siurry (<»nt9injng b.32% sulpt^^^ 

0 filter press! Soluiioris of floccularit or flocculants (at 0.2^0 0.5% solids) andfof • 
.V . microparticulatB suspensions (at 0.5 to 15% solids) ari^radded into the slurcy:with 

neceKary agitation at a dose of 0.2 to 2 Kg per tonne of solids- The ftocculants . 

were found to Increase the rate of free drainage by gravily through a porous belt, 

tjefore preparation of a filter cake m awedge ?one and[.;?ubsequentfurtrier 

dewaterlng in a pressure zone. . ■ -.r ■.' ^ 

A rriettibd of rwnovihg the sugars remaining ig the solidiportion is to wash vyith 

;,..:Xrec¥t;ted).w9tef.v-:- ■• " ^ 

. "me reooyered sqifd portion is again prepared, as a slurry with approximately 4pO 
ml of water and heated to 21 5»C. Once at 215'^C sulphuric acid 1^ added to a 
• concentration of 0.4% under nitrogen and the mixture was left for 3 rranutes. The 
:^ temperature was rapidly reduced to 80"C and, the Insoluble solids present |n the 
: pre-hydrolysed slurry (containing 0.32% sulphuric add) is then separated on a 

filier press. Prior to pressing solutions of flocculant or flocculahts {at 0.2 to O.S% 
,y soRds) and/or particulate suspensions (at 0.5 to 15% s?Iids) are added Intp the 
slurry with necessary agitation at a dose of 0.2 to 2 Kg per tonne^ of soli<fe. 
Flocculants ir»craase thlerat^ 



of freedralnage. by gravity through a porous belt, befor^ preparation of afilter 
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cake iri a wedge zone and. subsequent fuft^ a pre^ure zone. The 

flocculatecl devvatered presisub^b cak(b containing predOTiinantly ligriin 
was further dewatered In a pressure filter to geniera^ high dry solids 




Mier Jbn; exc*)a rerripval of apetfc ^cid, the liqijid portion of the 

t . hydjroiv^te is acid to piH 2 by ti^^ is then 

; : added;^p raise th^^ fs then ad/usted to the 

ferrnerrtatipn pH of 4.5 for 4 hours alibwing gypsuni crystals to form for separation 

"U/tv'^filtnition.:;;.^ , "v ' .* ; 



J can 

either 'enter the ferirnentation process or fae separa^ for fuel 
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1 , ; r 'A prootes of producing product comprising the steps of, 

.(i) ; foirninig an acldffl^^^ 

. s cbmpriaing a'first polysaccharide 1$ more readily hydrblysable 
airid a second poiysacdharide vrfiich Is nipr© difficult to hydrolyse, 
(il) ailbwing the first pofysaccharide to undergo hydrolysis by action of 
. . the acid at a temperature of at least SO^C tinder conditions such that 
the first pbly$acchi^rtde is hydnolysed and thereby terming a rtiixture 
of ah aqueous liquor cbntalninig disisolved sugar and a solid residue 
^cpntalriihg the s^^ • . • ^ 

.{ill) - : subjecfBng the mixture to One or more separafion stages in which the 

: solid residue and aqueous sugar liquor are substantially separated 
•;V "from, each o4her, J ' " ; 

(iv) ofitioriaNy washing ttieitesidue substantially free of the sugar, . . 
<v) pajsjsrng the s^plid celjuldsic residue to a further trBatment stage in 
Which the residue is subjected to the action of dlluie acid at a 
temperature of at leaist SO^'C under conditioris such that the second 
' . [■ polysaOTharide is hydrqlys^ 

, aquepiis liqubf cbnlarnfng dissolved sugar and a solid residue, 
(vl) ' subjecting the mixture to one or more separation stages in which the 
solid residue and aqu^^^ 
frbm each other, • 

(vii) optionaily washing the j^^^ 

(viii) ; adjusting the pH of the aqueous liquor from stages (iii). (iv). (vi) and 

(vn)toapHofatleiast4, 
-•(ix) passing the aiquedus iiquorfrorrt Stage (viii) to a fennentation stage 
where the dissolved sugars are acted updn by an enzyme in a 
fenrientation brom to produce a femnentation product. 
(X) separating the femnentation product from the broth, 
characterised in that the separatfon stage in Steps (iiQ and/pr (vi) is assisted by * 
flocculatlon of the waste by-product, employing one ormorello^lafihg agenf(s) 
selected from the group consisting of water soJuble polymers, water swellabi© 
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, polymers arid chained mfcropartfcniJate material. ^ 
. : / 2/ . Aprpcess accordirig 

^ cdmpnses.rTaterials>^^ 

. : StrflwOd^^ Jbiamass, hardvrood bbrras^ and ihe : 

■V • ■ -bipmass fradion'of municipal ^fid:waste^;r.^ i'^'yv "re f^'-Sv.!-'": 

. ; . .. \ 3/: 

■ ■ "celiulqsB as the second ;'\/^,J*y.-' ■ ' 

1 ^ 4. \ - A process" acrordjng tpiari 3 in whij^^ the acidte pKa of , i . 

^ . b^^ 

... 5- A procesk accprding.a^^ of clalrre 1 to 4 In which'th^ acid is •fefelected from . 
J ■;sulphuric.iadd;eul(i.h^ ; . 

. .. . .. =g : y^^^^^ /v 

>. first polysaccharide IS cdfidu^ . ( 

: 1 minute tojil^S rniniutes. ; ' /t: ■ . z 

. .r .7. 'A process according to any of .claims i to B In which of the . . 

, i seco 

^ ^ ^ aperipdoffirpm 1 minute^ ; : 

^' V ^ 8» A process according to any of clairniB 1 to 7 in vMph the flocculating agent 
. ^ is selected froni the group consfstlhg'^^ 9- 
:: semiHiatural and synthetiVpolyr^ 

. 9. A process according to clalmijB In which the pblyrrier fe forrn^dlfronfi a w^r . - 

soluble nionoiriier or b^^^ 
V 10. A process according to claim 8jn 

group consisting of polyacrylate salts, pbi^cryl^^ 
. " V with (methj acrylic acid orsalts thereof, odpblyfners of eprylamide with 

dialkylaminoalkyJ (meth) aciylate oracid additlprt or quaternary ariinrionlum salts, 
polymers of diallyidimetliyl amnnonium chloride, polyamines and polyethylene 
jmines. ; * \ . ' : 

11/ A process according to any of clalrrs 1 to 10 in which the; flocculating agent 
is a charged microparticulate nHteri?!"" ti' . •'. 

12. A process according claim 1 1 1n whfch.the charged microparticulate 
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. . material is selected from the group consisting of swellable claysj anionic, cationic 
or arrrphoteric micrbparticiji^^^^ and organic cross-linked 

V ; poIVTTfiericniicropartlcIes.^^:^^ . v ' ^• 

.1;; 13. :Apix)cessac^^^ 

... effected by employing a 

/nf)icirdparticu!ate;maten^^^ ' . ' 

14, A; process; accq 
effected by {ntrodudng 
> . reflOcCulating by adding a substantii^ll^^^ ' 

.r 15. A proci^^aasprding to any b 1 to 14 in which flocculation is 

effected by intnodiicing a catiorilc pbiymer into; the nrnxlure and then reffocculating ' 
by adding an ahidnlc mlcrbpartlcu^ 
.16. A prtK5iese acrardirig to any bne of dajrris 1 to 15 in which flocculation is 
?: . effected by iniroducing a cationic polymer into the nnfxture and then reflocculating 

by addlr^ aaaniphlc poly 

17. ■ A process aoMT^ding to any oniB c^ to 16 rn which flocculation is 
. effected by Infrpdu^^^^^ 

by adding a cafionic polymer. ; K ■ 

18. A process iaccory^ing to any oficiaim© 1 fo 
rriaterial cpnripiises lignln. ^ ^-^.^^ .-■:./ 

19. A process accoiding to any of claims 1 to 18 in which - 
. product Is selected from the group cortsisting of ethanoI» glycerol, acetone, n- 
butanol, butanediol, isopropanbl. buiyric add; methane, dtric acid, ilinr^rio acid, 
lactic acid, propionic acid; subdnJc acid, itacpriic acid, Acetic ackl.-acetaMehyde 
and 3-hydro)^pr0pionic add. 

20. A pro£»ss according to any Of daims t to 19 In which the fernientafion 
product IS separated from the broth by passing the brotti comprising the 
fermentation product into a dist'ilatioh stage, where the fermentation compound is 
collected as a distillate and the residue 'still bottoms' is removed, 

21'! A process according to any one of claims 1 to 20 in which the fermentation 
product is separated from the broth by passing the broth comprising the 
fermentation product Into a oOToentriaeon stage, In which the fermentation 
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v. compound is collected in the concenirate and. extra by at least bhe means. 
. :,y seleded finom the group consisting of Ion iexchange. solvent extinction and . 
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A process of prqdudng fermentation prpdud: :9orriprisin^ the steps of, 

(j) forming an acidrfiecl suspension df particulate plant derived ftialerial 
comprising a firat polysaccharide^ ^ readily hydrolysable 

and a second polysaccharide which is hydrolyse/ 
(ii) alloAMng the first polysacG^^^ 

the acid at a temperature of at lea^t SO'C und^ conditions such that 
the jfirst polysaccharide is hydrolysed andithereby fonnlng a inixture 
of an aqueous liquor oontajning dissol^^^^ a solid iresidue 

containing the second poIysaa:hb^^ 
(Hi) subjecting the mixture to one or more separation stages in whith the 
solid residue and aqueous sugar liquor are substan^ally separated 
fronri each .other, - '^r '-'f '-^^^ ^ , ' • 

(iv) optionally vrashing the residue substahtialiy free of the sugar, , 

(v) passing the solid celMosic lesid^ 

which the residue is subjected to the action of dilute add at a . 
temperature of at least 50°C under coridltions such that the second 
polysaccharide is hydrolysed and thereby fonrnmg a mi^dure of an 
aqueous Ijquor containing dissolved sugar and a solid residue, 
(vi j subjecting the mixture to one or more separation stages in which.tiie 
solid residue and aqueous sugar liquor are substantially separated 
from each other, ; ! : ..v 

(vil) optionally washing the residue substahtialiy free of the sugar, 
(viii) adjusting the pH oftheaqueous Hquorfromsteges.O^^^^^ (vi) and 

(vii)toapHof aftleast4, 
(Ix) passing the aqueous liquor from stage (viii) to a femientatibn stage 

in order to produce a fennentartlon product, 
(x) separating the fennentation product from the broth, 
wherein the separation stage in steps m and/or (vi) is assisted by flooculation of 
the waste by-product employing one or more flocculating agent(s) which are 
v!/ater soluble or swellable polymers oi^har^ m 
Typically such fermentation products include.for Instance ethanol, glycerol, 
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,.; y acetone, ri-butarioi, butanedipl, isoprppanol, bu^ric'acid, iTiethan<&/.dtricapid 
. , fiimaric succinic acid, itaconic iaci^ 
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